Introduction
============

Lung cancer is one of the most commonly diagnosed clinical diseases, accounting for 26% of all female cancer deaths and 29% of male cancer deaths. Non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, and its course of disease is very severe, meaning a poor prognosis for patients.[@b1-ott-8-2699],[@b2-ott-8-2699] Clinical and epidemiological findings show that 20% of cancers are related to chronic infection; 30% are related to smoking and pollutant inhalation (eg, silicon dioxide and asbestos); and 35% are related to diet (fat accounts 20% of diet).[@b3-ott-8-2699] The lung cancer tumor microenvironment consists of extracellular matrix, tumor cells, desmocytes, inflammatory corpuscles, chemotactic factors, hormones, proteases, etc. Chemotactic factors are the basis of many biological metabolic processes which acts as an autocrine or paracrine growth factor in the process of tumor. *IL-6* is a multifunctional cytokine that is related to chemotactic factors and tumor biological regulation. *IL-6* participates in tumor cell proliferation, apoptosis, differentiation, and other important processes. In particular, it is expressed in malignant epithelial cells, so it is closely related to poor prognosis of cancer.[@b4-ott-8-2699]--[@b6-ott-8-2699] The *IL-6* gene is located on the 7p21 chromosome. Some studies confirm that single-nucleotide polymorphism appears in the area of promoter −174. The change from G to C in the position of −174 (rs1800795) is related to the rate of transcription of the *IL-6* gene, which subsequently influences the level of *IL-6* in peripheral circulation. Polymorphism forms two kinds of gene phenotype: the high-yielding type (located in the −174G/G and −174G/C gene vectors; the level of *IL-6* is higher in peripheral circulation) and the low-yielding type (located in the −174C/C gene vector).[@b7-ott-8-2699] Genetic research shows that there are some ethnic differences in the −174G allele frequency.[@b8-ott-8-2699] In the present study, the effect of *IL-6* gene −174G/C polymorphism on the prognosis of patients with NSCLC is explored for the first time.

Pain is one of the most common and important factors affecting the prognosis of cancer patients. It is reported that the incidence of pain during the active phase is 30%--40%, which will reach 80% in the terminal stage of cancer. Opioids are the first choice in the treatment of cancer pain, but the effects may vary widely among individuals. High doses of opioids lead to neuronal toxicity, and repeated usage will increase side effect and cause tolerance. Therefore, it is necessary to find a new marker to determine the sensitivity response of patients on opioids. The opioid tolerance is considered as the potential mechanisms of cancer pain. When inflammation or nerve damage exists in the body, activated neurons will release proinflammatory cytokines that can make the pain transmission neurons highly active.[@b9-ott-8-2699] Synaptic front-end release of a lot of substance P and excitatory amino acids aggravates the pain reaction.[@b10-ott-8-2699] This study takes these details as a starting point to explore the correlation between *IL-6* −174G/C gene polymorphism and pain.

Materials and methods
=====================

General patient information
---------------------------

The objects of study were patients who were diagnosed with NSCLC by histopathology between 1999 and 2012. There were 434 cases, and the average age was 63.00±10.25 years. The inclusion criteria were NSCLC confirmed by histology or cytology and no antitumor therapy except relief of symptoms; a US Eastern Cooperative Oncology Group (ECOG) score of ≤2 (0 means completely normal; 1 means a patient can walk but aggravating activities will be limited; 2 means a patient can walk and perform activities of daily living but cannot work); and no history of other tumors. Excluded were patients whose NSCLC tissue type information was lacking and patients who did not agree to enter the study. Smokers were defined as patients who were regular smokers when diagnosed. This study was approved by the ethics committee of The First affiliated hospital of Anhui Medical University, Hefei, China, and informed consent by patients and their family members was given for all the relevant procedures.

*IL-6* −174G/C genotype
-----------------------

Standard EDTA tubes were used to obtain blood samples, and DNA was obtained from each patient's white blood cells using the QIAmp^®^ DNA Blood Mini Kit. The blood samples were collected from patients during clinical evaluation. The DNA was extracted and analyzed by polymerase chain reaction (PCR) assay during the patient's evaluation. After restriction fragment length polymorphism processing, *IL-6* −174G/C polymorphism was analyzed using PCR ([Figure 1](#f1-ott-8-2699){ref-type="fig"}). The primers for polymorphism analysis was used with the standard primers. Digest 164 bp products of PCR was completed at the condition of 5 units NlaIII (New England Biolabs) at 37°C for 4 hours. Restriction fragments were analyzed using 3% ethidium bromide-stained agarose gel. The 111- and 52-position fragments are consistent with the homozygous genotype C/C; 164 bp represents the homozygous genotype G/G. The three fragments in the positions of 111, 52, and 164 bp represent the heterozygous genotype G/C. The reliability of samples was analyzed and evaluated. A negative control was used to prevent false positive results.

Cancer pain quantification and the use of opioids
-------------------------------------------------

Patient treatment information and follow-up data were obtained and the pain after diagnosis quantified. The cancer pain quantification was performed by using the Global Pain Score (GPS). The GPS ranges from 0 to 10 points (0 points means no pain at all; 10 points means the pain is unbearable). The detailed cancer pain quantification was performed according to the methods of Banerjee et al.[@b11-ott-8-2699] At the same time, the daily use of opioids among patients after diagnosis was recorded. The opioid treatment process was as described in Banerjee et al's report.[@b11-ott-8-2699] Finally, the doses of the different kinds of opioids were converted to morphine equivalent daily dose (MEDD) for analysis. If a patient's medical records were incomplete, we obtained the relevant data by telephone interview or other methods.

Statistical analysis
--------------------

SPSS software (version 19.0; IBM Corporation, Armonk, NY, USA) was used to analyze data. The data were evaluated using the *χ*^2^ test or Fisher's exact test. The survival distribution of patients was evaluated using the Kaplan--Meier curve. The survival time analysis included only those patients who were still alive at the time of analysis. Life cycle was defined as the timespan from the time of diagnosis to death or final evaluation. Multivariate Cox proportional model was used to analyze and compare age, sex, tumor stage, tissue type, smoking history, and correlation between *IL-6* genotype and the total NSCLC survival rate. Risk ratios and 95% credibility intervals (CIs) describe the related risk factors. Multivariate regression analysis was used to evaluate whether *IL-6* −174G/C genotype was related to the degree of pain and the use of opioids. A *P*-value \<0.05 indicated the difference was statistically significant.

Results
=======

Basic statistics of the patients
--------------------------------

Blood samples were obtained from 434 cases diagnosed with NSCLC. Before treatment, we divided them according to carcinoma type: 165 cases had epidermoid carcinoma, 207 cases adenocarcinoma, 40 cases undifferentiated carcinoma, 14 cases large-cell carcinoma, and five cases mixed carcinoma; 78.11% were male and 21.43% were female. Smokers accounted for 72.12% ([Table 1](#t1-ott-8-2699){ref-type="table"}). The genotype frequencies of GG, GC, and CC were 37.6%, 54.9%, and 7.5%, respectively.

Based on the functional activity, we divided the patients into two *IL-6* polymorphism groups: a high-yielding group (G genotype, increased expression of *IL-6*) and a low-yielding group (CC, low expression of *IL-6*). We found that expression frequency of the G genotype was approximately 92.5%. Compared with the age of patients when they were diagnosed (*P*=0.367), tissue type (*P*=0.470), sex (*P*=0.761), smoking history (*P*=0.196), and tumor stage (*P*=0.238), there was no obvious difference in the genotypes (CC and G carrier) among the groups.

*IL-6* −174G/C polymorphism analysis
------------------------------------

The overall survival rate of the patients was analyzed using Kaplan--Meier methodology, and the results show that, according to *IL-6* −174G/C polymorphism, there are some obvious differences between the mean survival rates of NSCLC patients. The survival time of patients who carried the G allele (GG/GC) was obviously lower than that of the patients who carried the CC genetype (42.31 months versus 62.79 months; *P*=0.032) ([Figure 2](#f2-ott-8-2699){ref-type="fig"}).

Regression analysis of overall survival prognosis
-------------------------------------------------

In order to further determine the effect of *IL-6* −174G/C polymorphism on overall survival, we used the Cox proportional hazards model to analyze sex, age, tumor stage, pathologic type, smoking history, and other correlation variables. We found that tumor stage (*P*\<0.001), smoking history (*P*=0.049), and *IL-6* −174G/C polymorphism (*P*=0.022) were the independent prognostic factors of overall survival in the patients with NSCLC ([Table 2](#t2-ott-8-2699){ref-type="table"}).

Correlation between *IL-6* −174G/C polymorphism and pain
--------------------------------------------------------

We defined ≥7 points on GPS as severe pain. The data show that 41% of patients had severe pain when diagnosed. After diagnosis, the average MEDD was \>120 mg/24 hours. Univariate analysis of all samples showed that *IL-6* −174G/C gene polymorphism was significantly related to MEDD (*IL-6* GG, 69.61; GC, 73.17; CC, 181.67; *P*=0.004) ([Table 3](#t3-ott-8-2699){ref-type="table"}). After stratifying by sex, the correspondence between the different *IL-6* genotypes and MEDD was more obvious for male than for female patients. In addition, the required dose for CC genotype patients was the highest. Multivariate logistic regression analysis also showed that the required opioid dose for homozygous *IL-6* −174C/C genotype carriers was higher than for GG or GC carriers (odds ratio =4.7; 95% CI: 1.2--15.0).

Discussion
==========

The latest study shows that mediators of inflammation can promote the progress of various tumor pathologies, including lung cancer. Previous findings have shown that *IL-6* −174G/C polymorphism is related to the risk factors of lung cancer.[@b12-ott-8-2699] Therefore, the aim of this study was to explore the effect of *IL-6* gene −174G/C polymorphism on the prognosis of patients with lung cancer.

*IL-6* is a kind of cell factor that plays an important role in tumor cells. It is involved in many metabolic processes, such as differentiation of malignant tumor cells, tumor growth, and the regulation of the immune microenvironment. It can also promote angiogenesis, inhibit apoptosis, and increase the cells resistant. *IL-6* is a direct stimulation factor that promotes tumor growth by the activation of multiple signaling pathways, for example, by activating the Ras/Raf/MEK/ERK1/2 pathway to promote the proliferation of tumor cells.[@b13-ott-8-2699],[@b14-ott-8-2699] On the other hand, it also activates STAT3, which promotes upregulation of cyclin D1, D2, and B1 and Myc and downregulation of CDK inhibitory factor p21^Cip1^ to promote cells into the cell cycle.[@b15-ott-8-2699],[@b16-ott-8-2699]

Excessive expression of *IL-6* in lung, brain, liver, and other specific organs can lead the peripheral circulating tumor cells into such organs and promote the metastasis of tumor.[@b17-ott-8-2699] In recent years, it has been confirmed that *IL-6* and IL-8 cytokines can increase tumor cells from the counts primary cancers and to the circulation -- a process called "tumor self cultivation" -- and can accelerate tumor growth, vascularization, and stromal cell recruitment.[@b18-ott-8-2699]--[@b20-ott-8-2699] Many studies have shown that high levels of *IL-6* in serum are related to the clinical prognosis of breast cancer, prostate cancer, pancreatic cancer, ovarian cancer, and other cancers. A study by Crohns et al[@b12-ott-8-2699] has shown that *IL-6* and other cytokines may have a certain prognosis function in patients with lung cancer survival. The previous studies state that there are high levels of *IL-6*, IL-10, IL-12, and TNF-alpha in serum, and being black or white are associated with lung cancer prognosis, so it can be concluded that the peripheral high levels of circulating *IL-6* are related to the need for chemotherapy in NSCLC patients with poor response and poor clinical prognosis.[@b21-ott-8-2699],[@b22-ott-8-2699] The *IL-6* promoter region polymorphism variant makes gene transcription change, which further influences the levels of cytokines in serum. −174G/C polymorphism in *IL-6* replaces guanine with cytosine, and a correlation of the G allele with cancer and many other diseases has been confirmed.[@b23-ott-8-2699] Therefore, we focused on the *IL-6* −174G/C polymorphism in the present study.

Some research suggests certain existing correlations between *IL-6* level and lung cancer prognosis,[@b24-ott-8-2699] but, to the best of our knowledge, the present study explores the correlation between the *IL-6* promoter region −174G/C gene polymorphism and the prognosis of survival for patients with NSCLC for the first time. Our results show that the overall survival stage (\<20 months) of the patients with NSCLC with the G genotype vector (GG/CG) was significantly lower than that of the CC genotype carriers (*P*=0.032). Multivariate Cox proportional analysis showed that genetic mutations play an important role in the prognosis of patients with NSCLC in the survival period (risk ratio: 1.680; 95% CI: 1.075--2.624; *P*=0.023). Another possible explanation for the results is the expression of *IL-6* regulatory CYP enzymes, including CYP1A1 and CYP1B1, which can activate heterocyclic amines and PAHs and other carcinogens. CYP1B1 clearly has excessive expression in lung cancer, colon cancer, breast cancer, and many other tumors. A previous study confirms that *IL-6* inhibited including DNA methylation of miR27b expression, and expounds the related epigenetic matrix, so that expression of CYP1B1 is in upregulation.[@b23-ott-8-2699] *IL-6* can induce colon cancer cell phenotypes to change and may cause resistance to drug and stimulate metabolism of carcinogens in situ, which leads to DNA damage and tumor invasiveness enhancement.[@b25-ott-8-2699],[@b26-ott-8-2699]

Data from preclinical studies have suggested that differences in *IL-6* genotype may affect the use of opioid analgesics. Bianchi et al[@b27-ott-8-2699] found that the analgesic effect on knockout *IL-6* mice was abated; at the same time, *IL-6* knockout mice were prone to analgesic drug tolerance. *IL-6* genes located on chromosome 7p21 and *IL-6* −174G/C polymorphism affect transcription and change levels of *IL-6* in serum. In this study, we initially found a correlation between the *IL-6* gene and cancer pain in patients with NSCLC; a homozygous allele in patients with lower levels of serum *IL-6* means the opioid dose required is significantly higher than in patients with other genotypes. At the same time, the male *IL-6* −174C/C patients required the highest analgesic drug doses; therefore, *IL-6* gene polymorphism in patients with NSCLC may be a preliminary prediction for patients who are sensitive to the reactions of opioid analgesics; after detection in clinical practice, the treatment program can be adjusted in the initial stage of treatment, improving the quality of life and survival prognosis.

Though this study provides some valuable data and conclusions, there are limitations. First, we did not distinguish between pain from tumor growth and pain secondary to treatment toxicity. In future study, we will elaborate on the difference between pain from tumor growth and pain secondary to treatment toxicity and investigate the relationships between *IL-6* polymorphism and the pain or the age of the patients. Second, potential associations of *IL-6* polymorphism with survival were not investigated in the present study. In future, we will investigate the potential correlation between *IL-6* polymorphism and progression-free survival. Furthermore, detailed explanations of *IL-6*-related development of pain will also be investigated.

Conclusion
==========

−174G/C polymorphism in *IL-6* is closely related to cancer pain in NSCLC patients, the use of analgesics, and survival prognosis. It is necessary to further confirm the related results and determine the underlying pathogenic mechanisms.
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###### 

Basic data of patients (434 cases)

  Characteristics                          N             Percentage
  ---------------------------------------- ------------- ------------
  Sex                                                    
   Male                                    339           78.11
   Female                                  93            21.43
   No information                          2             0.46
  Age, years (mean ± standard deviation)   63.00±10.25   
  Histology                                              
   Epidermoid carcinoma                    165           38.02
   Adenocarcinoma                          207           47.70
   Undifferentiated carcinoma              40            9.22
   Large-cell carcinoma                    14            3.22
   Mixed-type carcinoma                    5             1.15
   No information                          3             0.69
  Tumor stage                                            
   Stage I                                 46            10.60
   Stage II                                31            7.14
   Stage III                               192           44.24
   Stage IV                                162           37.33
   No information                          3             0.69
  Smoking history                                        
   Smoker                                  313           72.12
   Nonsmoker                               114           26.27
   No information                          7             1.61
  Cancer pain quantification                             
   Global Pain Score \<5                   189           43.5
   Global Pain Score ≥5                    245           56.5

###### 

Multivariate Cox regression analysis of the overall survival rate prediction factors

                                Hazard ratio   95% credibility interval   *P*-value
  ----------------------------- -------------- -------------------------- -----------
  *IL-6* −174G/C                1.682          1.077--2.628               0.022
  Sex                           0.964          0.668--1.391               0.844
  Age (≥63 years, \<63 years)   0.982          0.788--1.224               0.871
  Smoking history               1.423          1.001--2.024               0.049
  Histology                     0.933          0.810--1.074               0.336
  Tumor stage                   2.470          1.969--3.099               \<0.001

###### 

Correlations between *IL-6* −174G/C gene polymorphisms and the degree of pain or MEDD

  Genotype              Pain degree      MEDD                                                                 
  --------------------- ---------------- ---------------- ---------------- ---------------- ----------------- ----------------
  *IL-6* −174G/C                                                                                              
   GG                   5.00 (3.20)      4.68 (3.21)      5.40 (3.21)      69.61 (77.4)     72.89 (83.92)     64.81 (68.06)
   GC                   4.30 (2.81)      5.43 (3.18)      3.47 (2.24)      73.17 (93.6)     75.56 (117.90)    71.30 (71.97)
   CC                   3.42 (1.86)      3.67 (2.5)       3.40 (0.894)     181.67 (228.0)   235.71 (107.39)   106.00 (98.38)
   GC + CC              4.11 (2.98)      4.9 (3.04)       3.46 (2.02)      97.7 (140.0)     120.40 (188.19)   77.5 (76.40)
  Odds ratio (95% CI)   1.5 (1.2--1.9)   1.3 (1.1--1.7)   1.7 (1.4--2.4)   1.2 (0.9--1.6)   1.1 (0.8--1.5)    1.4 (1.1--2.5)
  *P*                   0.067            0.053            0.075            0.004            0.0023            0.0055

**Abbreviations:** CI, credibility interval; MEDD, morphine equivalent daily dose; SD, standard deviation.
